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Prediction models for oral health-related 
quality of life in patients with temporoman-
dibular joint osteoarthritis one month 
and six months after arthrocentesis with 
hyaluronic acid injections 
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Abstract

Objectives: To develop models for prognostic prediction of oral health related quality 

of life (OHRQoL) for patients with temporomandibular joint osteoarthritis (TMJ OA) 

at 1- and 6-month follow-up of arthrocentesis with hyaluronic acid (HA) injections.

Materials and methods: From a cohort of 522 adult patients with TMJ OA treated 

with arthrocentesis with HA injections, 510 and 463 adult patients were included at 

1- and 6- month follow-up, respectively. Patients characteristics and history, clinical 

examinations, and questionnaires were recorded as potential predictors at start of 

treatment. All patients were treated identically: arthrocentesis with HA injections. 

Patients’ OHRQoL at one and six months after completing the treatment as out-

comes. Logistic regression analyses were used to develop the prediction models for 

both follow-up. The internal validity, calibration, discrimination and clinical values of 

models were determined. 

Results: The models showed a reasonable calibration and good discrimination, with 

an area under the receiver-operating characteristic curves (AUCs) of both 0.80. The 

internal validity of both models was good, with shrinkage factors of 0.91 and 0.89, 

respectively. The added values of the two models at cutoff for predicted probability 

for ruling in the risk of low OHRQoL were 19% and 31%, while those for ruling out 

were 28% and 15%.

Conclusions: The accuracy and validity of both prediction models were acceptable. 

The added values of both models at cutoff for predicted probability were considered 

sufficient for ruling in and ruling out the risk of low OHRQoL in patients with TMJ OA 

at 1 month and 6 months after arthrocentesis with HA injections.
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Introduction

Over the last decade, oral health related quality of life (OHRQoL) has gained in-

creased attention in the field of temporomandibular joint disorders (TMDs) [1-4]. It 

has been shown that patients with TMDs suffer from a significantly reduced OHRQoL 

[5]. Temporomandibular joint osteoarthritis (TMJ OA) has also been reported to have 

negative effect on patients’ OHRQoL [6]. TMJ OA is an inflammatory condition within 

the joint that results from a degenerative condition of the joint structures, which is 

defined as the presence of arthralgia and either crepitus in the temporomandibular 

joints or bony changes in radiographic examinations, including flattening, erosion, or 

sclerosis of joint surfaces or osteophyte formation [7]. Chronic pain is the main symp-

tom of TMJ OA [8]. The prevalence of TMJ OA is estimated at about 4% in the general 

population [9,10], while the prevalence of TMJ OA in TMD patients ranges up to 

22% [11-13]. Orofacial pain, comorbid headache and body pain, functional limitation, 

parafunctional habits, age, and psychological factors are thought to negatively affect 

OHRQoL in patients with TMDs [1,12,14,15]. However, studies specifically focusing 

on the risk factors of low OHRQoL in patients with TMJ OA are scarce [16]. 

OHRQoL is regarded as “a multidimensional construct that reflects people’s wellbeing 

in general, and their comfort when eating, sleeping, and engaging in social interaction; 

their self-esteem; and their satisfaction with respect to their oral health” [17]. It is 

associated with functional, psychological, and social factors, and with experience of 

pain or discomfort [17]. Over the past 30 years, the use of bio-psycho-social indica-

tors in dental epidemiology has been widely advocated because single measures of 

clinical disease do not truly reflect the full impact of oral disorders [18]. Assessment 

of OHRQoL allows for a shift from traditional assessment of disease to evaluation of 

health and care with a focus on person’s social and emotional experience [19].

OHRQoL is a highly relevant summary measure of individual wellbeing and outcomes 

of oral health care. Its evaluation, and more in particular predicting the risk of low 

OHRQoL in patients with TMJ OA, may provide important information for decision 

making for patient management in health care and informing the patient. As such, the 

aim of this study was to establish the optimal models for predicting OHRQoL in pa-

tients with TMJ OA one month and six months after completing a standardized treat-

ment: arthrocentesis with hyaluronic acid (HA) injections (once a week for 4 weeks).
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Material and methods

Study design

The study was designed as a cohort study with OHRQoL as the observational 

outcome at follow-up. The cohort involved 522 patients with TMJ OA who sought 

treatment at the Orofacial Pain Clinic, West China Hospital of Stomatology, Sichuan 

University, between January 2013 and January 2014. The study was approved by the 

Ethics Committee of the West China Hospital of Stomatology at Sichuan University 

(WCHSIRB-CT-2013-077). The experiments were undertaken with the understanding 

and written consent of each participant and according to ethical principles including 

the World Medical Association Declaration of Helsinki.

Participant enrolment

The inclusion criteria and exclusion criteria for patients were presented in Table 1. 

Study participants provided informed consent before data collection on their baseline 

status. Thereafter, each included patient received an identical and standardized treat-

ment: arthrocentesis with HA injections (2 mL per cartridge; Shipeite; Bausch Freda, 

Shandong, China) once a week for 4 subsequent weeks. All patients were treated by 

the same experienced clinician (SZ) who had practiced oral and maxillofacial surgery 

for more than 20 years and performed arthrocentesis with HA injection for 5 years.

Potential predictors

The potential predictors, which were decided based on the previous literature 

[1,2,5,14,15,20-25] and group discussions, were presented in Table 2. All the included 

predictors were collected by the same clinician mentioned above (SZ; for an overview 

of data, see Table 2) and were classified hierarchically into three blocks: Patients’ 

characteristics and history, clinical examinations and questionnaires.

Study endpoint

The study outcomes, OHRQoL at 1-month and 6-month follow-up after the 4th HA 

injection, were assessed using the Chinese version of 14-item Oral Health Impact 

Profile (OHIP-C14) [26]. Each item is scored on a 5-point scale: 0 = never; 1 = hardly 

ever; 2 = occasionally; 3 = fairly often; and 4 = very often or every day, where “fairly 
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often” and “very often or every day” indicate a negative impact [27-30]. The OHIP 

summary score (OHIP-SC) for each patient was calculated as the number of items 

with a response indicating a negative impact. So, the OHIP-SC ranges from 0 to 14. An  

OHIP-SC >0 indicated that patients reported at least one negative impact among the 

14 items of OHIP. This was considered essentially impaired [27-30] and was regard-

ed as low OHRQoL. OHRQoL of each patient in the follow-up was completed  via 

email, postal mail, or responses have been documented via telephone or face-to-face 

meeting.

Table 1 Inclusion criteria and exclusion criteria for the patients 

Inclusion criteria

1.	 Age > 18 years;
2.	 A diagnosis of TMJ OA according to the Research Diagnostic Criteria for TMDs (RDC/TMD axis 

I group IIIb);
3.	 A treatment plan of receiving arthrocentesis with HA  injections for TMJ OA complaints.

Exclusion criteria

1.	 Allergy to HA;
2.	 Taking any medication in the preceding four weeks that could interact with HA or confound its 

effect;
3.	 Participation in another clinical trial(s) in the previous three months;
4.	 A history of TMJ surgery;
5.	 Condylar fracture or jaw trauma;
6.	 Rheumatic disease or polyarthritis;
7.	 Severe systematic co-morbidity such as cardiovascular, hepatic, nephritic, or systematic blood 

disease;
8.	 Could not be follow-up within six months.

TMDs: Temporomandibular disorders; HA: Hyaluronic acid; TMJ OA: Temporomandibular joint osteo-
arthritis; TMJ:  Temporomandibular joint.

Missing data

Possible differences in distributions across predictors between patients who were 

available at 1-month and 6-month follow-up and patients who were lost to 1-month 

and 6-month follow-up were assessed using the Chi-square test.
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Statistical analysis

Modeling

Chi-square test was used to test the univariate association of each potential predictor 

with OHRQoL at the follow-up. Predictors with a P value ≤ 0.20 [31] were selected for 

the subsequent multivariable analyses. The candidate predictors were then selected for 

the final multivariable logistical regression model, using hierarchy modeling procedures. 

Hierarchy modeling is a sequential process involving the entry of predictors in steps. The 

order of predictors entry into the analysis is based on a priori knowledge of theory and 

previous researches instead of based on the computer software [32]. During the hierar-

chy modeling, the predictors were fell into 3 hierarchical blocks: Block A (Patients’ char-

acteristics and history); Block B (Clinical assessment); and Block C (Questionnaires). A 

first multivariable logistic regression analysis was done for all the predictors in Block 

A. Then, a second logistic regression analysis was done for all the predictors in Block B 

together with the remained predictors in Block A which had a P value ≤ 0.20 in the first 

logistic regression analysis. Finally, a third logistic regression analysis was done for all the 

predictors in Block C together with the remained predictors which had a P value ≤ 0.20 

in the second logistic regression analysis.

Internal validation

A bootstrapping technique was used to assess the internal validity of the final models 

[33,34]. Bootstrap samples were drawn from the full data set with replacement and 300 

replications. This bootstrapping technique produces a shrinkage factor that ranges from 

0 to 1. The regression coefficients of the predictors in the models were multiplied by 

this shrinkage factor to prevent for overfitting of a model that has been developed from 

a dataset in which it is tested and for over-optimism in similar future patients [33,34].

Discrimination

Discrimination is the ability of a model to differentiate between those with and those 

without the outcome event [35]. The area under the receiver-operating characteristic 

curve (AUC) was used to assess the performance of the models in terms of accuracy 

of correct prediction [36]. The curve illustrates the ability of the models to discrimi-

nate between cohort members with and without low OHRQoL at subsequent cutoffs 
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for predicted probability along the range of the predicted probabilities. An AUC of 0.5 

indicates no discrimination above the chance, whereas an AUC of 1.0 indicates perfect 

discrimination [36]. 

The optimal cutoff for the predicted probability of the models was defined as the pre-

dicted probability with the maximum sum of sensitivity and specificity in the receiv-

er-operating characteristic curve (ROC).

Calibration

Calibration refers to the agreement between observed outcomes and predicted out-

comes [35]. Calibration of the models was assessed by plotting the predicted individual 

probability against the observed actual probability. For this, study members were grouped 

into deciles according to their predicted probability for low OHRQoL in the follow-up 

according to the models. The prevalence of the endpoint within each decile represents 

the observed probability. In a calibration plot, the actual and predicted probabilities were 

compared across the range of predicted risks. The calibration of the multivariable models 

was also evaluated using the Hosmer-Lemeshow goodness-of-fit statistic test (HL test). If 

P value of HL test > 0.10, it indicates the model has good calibration [37].

Clinical values

Clinical values of the models based on the optimal cutoff for the predicted probability 

were assessed using the prevalence, positive predictive values (PPV) and negative pre-

dictive values (NPV) of patients with low OHRQoL at follow-up. PPV was defined as the 

risk of presence of low OHRQoL based on the models in patients with low OHRQoL 

based on the OHIP-C14. NPV was defined as the risk of absence of low OHRQoL 

based on the models in patients without low OHRQoL based on the OHIP-C14. The 

(added) predictive value of the models at the certain cutoff for predicted probability for 

ruling in an increased risk of low OHRQoL at the follow-up was defined as PPV minus 

prevalence while that for ruing out an increased risk of low OHRQoL was defined as 

NPV minus complement of prevalence (1 minus prevalence).

Scoring system

A clinical prediction rule was developed for the low OHRQoL in patients with TMJ 
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OA to provide an estimate for individual patients of their absolute risk of having low 

OHRQoL. For the final multivariable logistic regression models, the probability (P) of 

low OHRQoL is predicted with P = 1-1/[1+exp(constant + β1X1 + … + βiXi)], where 

β is the regression coefficient of a predictor in the models. The status of a patient for 

any dummy or binary variable included in the models can be expressed as either 0 or 1. 

To facilitate the application of the prediction models in practice, the final regression 

models were converted to a score chart, where an individual’s absolute risk for low 

OHRQoL can be examined by adding the score weight for predicting. Then, the mod-

els were transformed into line charts. The X axis of the line charts represented the 

total scores of individual patients while Y axis represented the predicted probability 

for low OHRQoL in the follow-up of individual patients.

The discrimination, calibration, clinical values, and scoring system of the two models 

were all assessed based on the shrunken regression coefficients. All the statistical anal-

yses were performed with SPSS software 21.0 (IBM, New York, USA) and R software 

3.2.3 (R Development Core Team, Vienna, Austria).

Results

For 1-month follow-up, a total of 510 patients who completed the follow-up were in-

cluded in the analyses. The corresponding follow-up rate at 1-month was 98%. Among 

the 510 included patients, 381 (75%) were female and 129 (25%) were male. The mean 

age was 39 (SD=16) for women  and 38 (SD=16) for men. 

For 6-month follow-up, a total of 463 patients completed the follow-up and were in-

cluded in the analyses. The corresponding follow-up rate at 6-month was 89%. Among 

the 463 included patients, 342 (74%) were female and 121 were male (26%). The mean 

age was 39 (SD=16)  for women and 37 (SD=16) for men.

The distribution of the potential predictors is presented in Table 2. Twelve patients 

were lost to follow-up at 1 month and 59 patients at 6 month follow-up, because they 

changed their phone numbers, gave us incorrect email addresses or phone numbers, 

or moved to other places so that we could not contact them. However, the differences 

of distributions of potential predictors between patients who were available at 1- and 

6-month follow-up and patients who were absent at 1- and 6-month follow-up were 

not statistically significant. Fig. 1 showed the flow chart regarding the relationship of 
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number of patients with normal OHRQoL, number of patients with low OHRQoL 

and number of patients lost to follow-up over time from the baseline to the 6-month 

follow-up. The number of patients with low OHRQoL at 1-month follow-up and at 

6-month follow-up was 212 (42%) and 163 (35%), respectively. 

The univariate association between the potential predictors and the outcome for both 1- 

and 6-month follow-up is presented in Table 3. Table 4 shows the predictors included 

in the final models based on hierarchy modeling in the multivariable logistic regressions.

Fig. 1. Flow chart regarding the relationship of number of patients with normal oral health related quality 
of life (OHRQoL), number of patients with low OHRQoL and number of patients lost to follow-up over 
time from the baseline to the 6-month follow up.

The shrinkage factors of the two models were 0.91 and 0.89, respectively, showing 

a good internal validity of the two models. The AUCs of the two models were 0.80 

(95%CI: 0.77 ; 0.84) and 0.80 (95%CI: 0.76 ; 0.84), respectively (Fig. 2). The calibration 

plots showed that there was good fit between the predicted probability and actual 

probability of low OHRQoL in the two models (Fig. 2), which indicated that most 

plotted points were lying close to the diagonal line. With a resulting P-value for the HL 

tests of 0.86 and 0.73, the goodness of fit of the two models was good.

The cutoffs for the predicted probability for low OHRQoL of patients in TMJ OA in the 

two models were 0.38 and 0.43 respectively. The sensitivity, specificity, PPV, NPV, false 

positives and false negatives of the two models at the cutoffs were presented in Table 

5. The added value of the model at 1-month follow-up for ruling in the patients with 

low OHRQoL was 0.19 (95%CI: 0.12 ; 0.25), while that for ruling out the patients with l
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ow OHRQoL was 0.28 (95%CI: 0.22 ; 0.35). The added value of the model at 6-month 

follow-up for ruling in the patients with low OHRQoL was 0.31 (95%CI: 0.22 ; 0.39), 

while that for ruling out the patients with low OHRQoL was 0.15 (95%CI: 0.09 ; 0.21). 

Table 3 Univariate analyses of the potential predictors based on OHRQoL in patients with TMJ OA for 
1-month follow-up (N=510) and 6-month follow-up (N=463) using the Chi-square tests
Variables                 Model 1 (1-month follow-up)                  Model 2 (6-month follow-up)

Number of 
patients with 
low OHRQoL
(N=212, 42%)

Number of patients 
with normal 
OHRQoL (N=298, 
58%)

P value Number of 
patients with 
low OHRQoL
(N=163, 35%)

Number of patients 
with normal 
OHRQoL (N=300, 
65%)

P value

Patients characteristic and history

Gender, n (%)
Female
Male

159
53

222
76

0.897
121
42

221
79

0.895

Age (years)
< 45 
45-60
> 60

116
58
38

205
69
24

0.001* 

79
49
35

211
68
21

<0.001*

Pain in other joints than TMJ 
including knees, ankles, shoulders, 
wrists, elbow joints, hips and 
phalangeal joints
No
Yes

151
61

231
67

0.106 *

105
58

 243
57

<0.001*

History of mental diseases
No
Yes

182
30

290
8

< 0.001*

138
25

292
8

<0.001*

Clinical Examination

Maximal unassisted opening of 
the jaw 
Normal (≥ 40 mm)
Abnormal (< 40 mm)

92
120

156
142

0.046*

77
86

151
149

0.525

Maximal laterotrusion of the 
jaw to the left
Normal (≥ 7 mm)
Abnormal (< 7 mm)

88
124

137
161

0.317

79
84

130
170

0.289

Maximal laterotrusion of the 
jaw to the right
Normal (≥ 7 mm)
Abnormal (< 7 mm)

65
147

98
200

0.595

54
109

98
202

0.919

Maximal protrusion to the jaw
Normal (≥ 7 mm)
Abnormal (< 7 mm)

88
124

156
142

0.016*

76
87

149
151

0.532

Pain on active movement of 
the jaw 
No pain on movement
Pain on 1 movement
Pain on ≥ 2 movements

39
29
144

71
60
167

0.023*

26
30
107

76
50
174

0.066*

Muscular pain with palpation
No pain in any site
Pain in 1-3 sites
Pain in 4-6 sites
Pain in > 6 sites 

82
44
44
42

201
55
31
11

< 0.001*

67
33
34
29

189
54
35
22

< 0.001*

Joint pain with palpation
Pain in 1 site
Pain in 2 sites
Pain in 3 or 4 sites

56
71
85

138
109
51

< 0.001*

33
54
76

143
107
50

< 0.001*
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TMJ click
No click in either joint
click in 1 or both joints

139
73

182
116

0.301
103
60

188
112

0.911

TMJ crepitus
Crepitus in 1 joint
Crepitus in both joints

198
14

287
11

0.133*

153
10

287
13

0.394

Questionnaires

Sleep bruxism (SB)
No (absence of SB)
Yes (Presence of SB)

169
43

252
46

0.155*

124
39

258
42

0.007*

Awake bruxism (AB)
No (absence of AB)
Yes (Presence of AB)

146
66

256
42

< 0.001*

107
56

255
45

< 0.001*

Chewing-side preference (CSP)
No (absence of CSP)
Yes (presence of CSP)

48
164

107
191

0.001*

39
124

100
200

0.035*

OHRQoL at baseline
Normal OHRQoL 

Low OHRQoL 

16
196

141
157

< 0.001*

20
143

121
179

< 0.001*

*: P < 0.20; OHRQoL: Oral health related quality of life; TMJ: Temporomandibular joint.

Fig. 2. Discrimination (A and B) and calibration (C and D) of the final models for prediction of the low 
oral health related quality of life (OHRQoL) in patients with temporomandibular joint osteoarthritis (TMJ 
OA) at 1-month (A and C) and 6-month (B and D) follow-up. In A and B, the diagonal represents a model 
has no discrimination with the AUC of 0.50. • indicates 38% predicted probability (cutoff point) of low 
OHRQoL with sensitivity of 0.87 and specificity of 0.59 in the model at 1-month follow-up (A) and 43% 
predicted probability (cutoff point) of low OHRQoL with sensitivity of 0.62 and specificity of 0.83 in the 
model at 6-month follow-up (B). In C and D, the diagonal represents that the predicted probability of the 
model is the same as the actual probability of the model and the prediction is neither underestimated nor 
overestimated. • represents the deciles of the study members based on their predicted probability.
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Table 4 Multivariable binary logistic regression analyses (using hierarchy modeling procedures) of the potential predictors based 
on OHRQoL in patients with TMJ OA for 1-month follow-up (N=510) and for 6-month follow-up (N=463) 
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To enhance clinical usefulness of the models, we transformed the final regression 

models into a score chart and line charts (Fig. 3). A doctor can easily calculate the 

total points and determine the corresponding predicted probability of low OHRQoL 

of an individual patient with Fig 3. The cutoff of total points of the two models for low 

OHRQoL is 145 and 141, respectively. 

Table 5 Sensitivity, specificity, positive predictive value, negative predictive value, false 

positives and false negatives of the two models at the cutoff for the predicted probability 

Model Sensitivity 
(95%CI)

Specificity
(95%CI)

PPV 

(95%CI)
NPV
(95%CI)

FP
(95%CI)

FN
(95%CI)

Model 1 0.87         
 (0.82 0.91)

0.59          
(0.53 0.64)

0.60          
(0.55 0.65)

0.87          
(0.81 0.91)

0.24          
(0.21 0.28)

0.05          
(0.04 0.08)

Model 2 0.62         
 (0.54 0.69)

0.83         
(0.78 0.87)

0.66          
(0.58 0.73)

0.80          
(0.75 0.84)

0.11          
(0.09 0.14)

0.13          
(0.11 0.17)

PPV: Positive predictive value; NPV: Negative predictive value; FP: False positives; FN: False negatives; 
CI: Confidence Interval; Model 1: the model was based on 1-month follow-up; Model 2: the model was 
based on 6-month follow-up.

Discussion

In the present study, based on several common and easily obtainable variables of 

patients that were treated with arthrocentesis with HA injections for their TMJ OA, 

we have derived two models to predict low OHRQoL at 1-month and 6-month fol-

low-up. To our knowledge, we present the first prediction models for low OHRQoL 

in oral health care, and in patients with TMJ OA in particular.  

For dentists, it is important to know the risk of low OHRQoL of patients after com-

pleting a series of HA injections. Based on the reported models, dentists can predict the 

patients’ OHRQoL 1-month and 6-month after the injection treatments before they 

initiate such treatment. This provides them with information for decisions at patient’s 

first visit on whether to start HA injection by assessing that whether HA injections have 

sufficient benefits to improve patients’ OHRQoL, and if not, whether other treatments, 

such as psychological and social support or other types of physical treatments are need-

ed for the patients. Moreover, the reported models may help to shape expectations of 

patients on their OHRQoL at 1-month and 6-month after HA injections.
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Fig. 3. Score chart for the risk of the low oral health-related quality of life (OHRQoL) in patients with 
temporomandibular joint osteoarthritis (TMJ OA) for 1-month follow-up and 6-month follow-up and line 
charts for reading the predicted probability of total point for the model at 1-month follow-up (A) and 
6-month follow-up (B). 

Instructions: If a predictor is scored positively in the score chart, a given weighted score is assigned. 
Subsequently, the score of each predictor are added to calculate the “Total points” of the 1-month 
follow-up and 6-month follow-up respectively. From the line charts below the score chart, the exact risk 
(%) of low OHRQoL for an individual patient (Axis Y) can be determined based on the Total points (Axis 
X) and the curve.

Footnotes: Model 1: the model was based on 1-month follow-up; Model 2: the model was based on 
6-month follow-up; OHRQoL = Oral health related quality of life; TMJ = Temporomandibular joints.



CHAPTER 1Patients profiles and outcomes of care in temporomandibular disorders

71

CHAPTER 4Patients profiles and outcomes of care in temporomandibular disorders

71

4

It is important to determine the optimal cutoff for predicted probability for risk strat-

ification. It is the point for which the sum of sensitivity and specificity is at its maxi-

mum, and the amount of misclassification is lowest. In the present models, we regard 

0.38 and 0.43 as the cutoffs for predicted probability of low OHRQoL at 1-month fol-

low-up and at 6-month follow-up respectively, because the sum of sensitivity and spec-

ificity at both points are maximum in each model. Hence, when the scores of patients 

are over 145 and 141 in the two models, respectively, patients are most accurately 

predicted to have low OHRQoL one month or six month after the HA injections. 

In the present study, the added values of the two models for ruling in low OHRQoL 

were 0.19 and 0.28, respectively while those for ruling out were 0.31 and 0.15, re-

spectively. It indicated that if a patient with TMJ OA has a predicted probability of low 

OHRQoL of more than the cutoff of 0.38 (over 145 scores) in the model at 1-month 

follow-up or more than the cutoff of 0.43 (over 141 scores) in the model at 6-month 

follow-up, the posterior risk of low OHRQoL of this patient can be increased by 0.19 

and 0.28, respectively, when compared to the prevalence of low OHRQoL at 1-month 

follow-up and 6-month follow-up. Similarly, if a patient with TMJ OA has a predicted 

probability of low OHRQoL of less than 0.38 in the model at 1-month follow-up or 

less than 0.43 in the model at 6-month follow-up, the posterior probability of normal 

OHRQoL of this patient can be increased by 0.31 and 0.15, respectively, when com-

pared to the prevalence of normal OHRQoL (complement of the prevalence of low 

OHRQoL) at 1-month follow-up and 6-month follow-up.

We report  the absolute values for the conventional predictive measures at the cutoff 

for predicted probability, notably sensitivity, specificity, PPV, and NPV. However, for 

clinical decision-making the sensitivity and specificity are not very helpful. They indi-

cate how good a test discerns a priori cases from a priori non-cases. The PPVs of the 

two models in the present study were 0.60 and 0.66, respectively, which is relatively 

low and indicates more than 1/3 of true positives would be missed by the models. 

However, the PPV and NPV themselves are not important for decision making in prac-

tice. Instead, the posterior probabilities, notably PPV and NPV, should be compared 

with the prior probabilities, in order to explore the added value of the models for 

ruling in and ruling out the risk of low OHRQoL of patients with TMJ OA at 1-month 

and 6-month follow-up after the HA injection treatments. For the defined cutoff of 
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the two models, the added values are considerable, so they add to accurate prediction 

of low OHRQoL.

 In addition, it should be noted that with a false positive prediction, a patient that may 

not need more comprehensive treatments or more frequent follow-up for re-eval-

uations, is likely to receive this anyway, and therefore give rise to an increase in the 

financial and psychological burden and a waste of resources. Moreover, with a false 

negative prediction, a patient that may need more comprehensive treatment or reg-

ular follow-up for re-evaluations, is unlikely to receive this, and this may result in less 

desired health outcomes. The risk of false negative or false positive prediction of low 

OHRQoL, however, is 0.05 and 0.24 in the model at 1-month follow-up and 0.13 and 

0.11 in the model at 6-month follow-up. The risk for false positives and false negatives 

therefore can be considered relatively small. 

In the present study, we prospectively followed a cohort to collect outcome data. We 

clearly deviated from the conventional multivariable approach to the data analyses of 

causal research. The two prediction models derived for low OHRQoL is multivariable 

but descriptive in nature. That is, we stay away from causal claims between included 

predictors and the outcome, and control for confounding by multivariable adjustment 

for covariables. Moreover, we simply tried to weigh the relative contribution of the 

different predictors to the risk of low OHRQoL. The relative contribution of each 

predictor was expressed as a weight that was included in the score chart (Table 3), 

which can be used to calculate a risk of low OHRQoL for an individual. Furthermore, 

in the derivation of the model we clearly deviated from using the conventional P value 

of 0.05 as the threshold for statistical significance. We used a less stringent thresh-

old in the Chi-square tests and in the multivariable regression analyses in selection 

and exclusion of variables to minimize false negatives in the final model. This could 

avoid false negative findings in both modeling stages, which could lead to unjustified 

exclusion of independent predictors from the final model [38]. Besides, we did not 

use the treatment as a predictor for OHRQoL at follow-up because all the included 

patients received the same treatment, which cannot result in a regression weight for 

treatment. However, it should be noted that if the treatment was effective for the 

OHRQoL, which either positively affect or negatively affect OHRQoL, it could cause 

a different intercept of the prediction models. This means that part of the variability 
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of the regression weights of the other predictors would be taken away, resulting in 

underestimation or overestimation of the true regression weights of the predictors 

in a model [39]. Currently, most evidence points that arthrocentesis with HA injec-

tions has a beneficial effect on reducing orofacial pain in patients with TMJ OA [40-

42]. Therefore, this indicates that the treatment is more likely to result in an overall 

underestimation of the true regression weights of the predictors in the models. In 

clinical practice, underestimation of a model is better accepted than overestimation of 

a model. Therefore, our model without the treatment as a predictor can be accepted. 

The present model can generalize to future individuals who also receive arthrocente-

sis with HA injections, but not to those who remain without this treatment or with 

other treatment for TMJ OA. 

A small number of events relative to the high number of potential predictors is a com-

mon limitation in many studies. The events per variable (EPV) of 10 is widely advocat-

ed for multivariable logistic regression analyses to obtain a reliable outcome [43,44]. 

In our model, we had 10 predictors included both in the model at 1-month follow-up 

and in the model at 6-month follow-up for multivariable analysis. In our study, we 

were able to achieve this conventional threshold criterion with 21 EVP in the model 

at 1-month follow-up and 16 EVP in the model at 6-month follow-up. 

Conclusions

The two models for predicting low OHRQoL in patients with TMJ OA at one month 

and six months follow-up were developed and validated. The added values of the two 

models at cutoff for predicted probability may be considered sufficient for both ruling 

in and ruling out the risk of low OHRQoL at 1-month and 6-month follow-up in the 

decision-making. The score chart and line charts based on these models may assist 

clinicians in risk stratification of patients in TMJ OA with low OHRQoL. As such, both 

prediction models may serve in decision making for patient management in health 

care and informing the patient. The performance of the models still needs to be tested 

in other populations of patients with TMJ OA.
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